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Abstract
The feeding performances of two heterochronic morphs of the Alpine newt Triturus alpestris  were investi-
gated in laboratory experiments. Although both morphs are able to feed in the aquatic habitat, the hydrody-
namics of prey capture differ between morphs. In paedomorphs water sucked with prey is expelled behind 
the mouth through gill  bars. In metamorphs, water is expelled by the mouth as gill  slits are closed. Feeding 
performance was better in paedomorphs than in metamorphs when foraging on aquatic crustaceans, but pae-
domorphs were less successful when foraging on terrestrial invertebrates caught at the water surface. These 
differences in prey capture success related to prey type allow the two morphs to use specific resources in their 
aquatic habitat. These results are consistent with previous studies that showed diet differentiation between 
morphs in natural populations. Such resource partitioning is a factor favouring the maintenance of faculta-
tive paedomorphosis in natural populations.
© 2004 Blackwell Verlag, Berlin
Introduction
Trophic polymorphisms are characterized by dis-
crete morphs showing differential resource use 
(Skulason & Smith 1995). They have been observed 
principally in fishes (Hindar & Jonsson 1982; Meyer 
1990; Malmquist et al.  1992; Robinson 2000), but 
also in amphibians (Collins & Holomuzki 1984; De-
noël & Joly 2001) and birds (Smith 1990). In fishes, 
variation in diet between alternative morphs was 
shown to be related to the variation of the perfor-
mance of their trophic apparatus (Liem & Kaufman 
1984; Lavin & McPhail 1986; Meyer 1989; Malm-
quist 1992), but the situation remains unclear in 
amphibians.
In newts and salamanders, facultative paedomor-
phosis is a suitable process to explore the evolutio-
nary ecology of trophic polymorphisms because it 
results in the coexistence of morphs that differ in 
several traits such as the physical mechanisms of 
prey ingestion. These differences in feeding mecha-
nisms begin at metamorphosis. Accordingly, the 
aquatic feeding mechanism shifts from a unidirec-
tional to a bi-directional hydrodynamic system. In 
the larvae, the water taken with the prey is expelled 
through the gill  bars at the posterior part of the 
mouth cavity in a unidirectional f low. After the gill 
slits become closed at metamorphosis, the water 
taken with a prey is expelled through the mouth 
while the prey is kept within the oral cavity by the 
tongue, the eyes and the teeth (Joly 1981; Lauder & 
Shaffer 1993). Paedomorphosis results in a delay of 
metamorphosis and retention of the unidirectional 
feeding mechanism in adults (Semlitsch & Wilbur 
1989; Whiteman 1994). The overall performance of 
the feeding apparatus differs according to morpho-
logy, with the larval structure of the trophic appa-
ratus being more efficient (Whiteman et al.  1996). 
The closing of the gill  slits and the reduction of 
muscle mass at metamorphosis alter the efficien-
cy of prey snapping under water (Lauder & Reilly 
1988; Lauder & Reilly 1990). However, no studies 
directly compared the diet and success rate of prey 
capture in syntopic alternative morphs of newts and 
salamanders from the same population.
In the Alpine newt, sexual performance and 
courtship patterns are similar in the two morphs 
(Denoël et al.  2001b; Denoël 2002), but paedo-
morphs may take advantage of their ontogenetic 
status in reaching maturity at a younger age than 
metamorphs (Denoël & Joly 2000) and in obtaining 
high-energy intake from their food and life habits 
(Denoël et al.  2002). In a French Alpine lake, Denoël 
& Joly (2001) found that metamorphic Alpine newts 
inhabit only the shoreline and shallow areas, while 
paedomorphs use all micro-habitats including the 
entire water column and deep benthic areas. Diets 
ref lected this difference in habitat use as paedo-
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morphs mainly foraged on planktonic prey such as 
water f leas and fairy shrimps whereas metamorphs 
mainly foraged on terrestrial insects that had fallen 
on the water surface (Denoël & Joly 2001).
My aim was to compare the snapping behaviour 
performance of paedomorphic and metamorphic 
Alpine newts with regard to different prey types. 
These prey types were selected with respect to diet 
variations that were observed in a natural popula-
tion in which feeding habits have been previously 
determined (Denoël & Joly 2001). Given the natural 
diet of the alternative morphs in their lake, I expec-
ted the paedomorphs to be more efficient than the 
metamorphs when foraging on aquatic prey (such 
as planktonic crustaceans like water f leas and fairy 
shrimps, and potentially aquatic insects) but to be 
less efficient than the aquatic metamorphs when fo-
raging on large insects (such as f lies) that had fallen 
on the water surface.
Methods
Study Organisms
I caught 20 paedomorphic Alpine newts Triturus 
alpestris  (Laurenti, 1768) (10 males and 10 females) 
in La Cabane Lake in Oct. 1999 (Southern French 
Alps; 47°24'N/6°24'E Greenwich; altitude of 1950 m 
a.s.l.) where the two morphs coexist (Denoël et al. 
2001a). In this population, the two morphs diffe-
red neither by age nor by size (Denoël & Joly 2000). 
Adulthood was determined on the basis of a deve-
loped cloaca, and sex on the presence of seconda-
ry sexual characters (e.g. dorsal crest, colour, and 
shape of the cloaca; Denoël et al.  2001b). I kept the 
newts in refrigerated boxes (5–10°C; 30 × 20 cm and 
12 cm high) to transport them to the laboratory.
Experimental Procedure
The principle of the experimental design was to 
compare the feeding behaviour of paedomorphic 
newts with the feeding behaviour they exhibited 
after they had completed metamorphosis, i.e. when 
they became metamorphs. Both paedomorphs and 
metamorphs are mature individuals (Denoël et al. 
2001b).
Newts were kept in two aquaria (250 × 30 cm and 
35 cm high; 10 individuals in each) for 3 mo. Tem-
perature was 14°C and photoperiod was LD 14/8 h. 
Individual identification was ensured by toe-clip-
ping (Twitty 1966). Because of the low number of 
newts, only one toe was clipped. Toe-clipping has 
been shown not to affect survival and body condi-
tion of Triturus  (Arntzen et al.  1999).
The trials started 1 wk after the arrival of the 
newts in the laboratory. The trials consisted of three 
different phases. The first was a 3-d habituation pe-
riod where the newts were fed with the prey type 
used in the subsequent test. The second was a 2-d 
starvation period where no food was provided. The 
third was the test period where the performance of 
the newts was measured. In this test, an individual 
newt was put in an aquarium (50 × 25 cm and 30 cm 
high) in which the bottom was covered with gravel. 
Temperature was 14°C and illumination was 5000 
lux on the bottom of the aquarium. Five minutes 
after the introduction of a newt, a f ixed quantity of 
prey items was introduced into the aquarium (see 
next paragraph), which means that each individual 
received the same amount of food all at once (one 
kind of prey per trial). The behaviour of the newt 
was then recorded during 20 min by encoding data 
on a computer. I took three behavioural variables 
into account: capture attempts, successful and fai-
led captures. A capture attempt corresponds to suc-
tion and/or snapping behaviour towards a prey. A 
capture was considered to be successful if the newt 
managed to catch and swallow the prey. After each 
trial,  prey items were removed and the water was 
replaced. A new trial was then started with another 
newt. Each trial involving a male was followed by a 
trial using a female to avoid any time effect on the 
outcome of the experiment (a time effect might have 
been produced if trials with males occurred at a dif-
ferent time of day than trials with females). Newts 
were taken randomly from the maintenance aquaria.
The above procedures were repeated four times 
using different prey types in the following order : 
water f leas (0.4 g of Daphnia magna), fairy shrimps 
(0.4 g of Artemia salina), insect larvae (0.4 g of 
Chironomus plumosus) and f lies (0.2 g of Luci-
lia  sp.). Prey were weighed rather than counted to 
avoid wounds during manipulation. Prey quantities 
were around 500 for Daphnia ,  40 for Artemia ,  110 
for Chironomus ,  and 10 for Lucilia .  Prey item sizes 
(length and width) were around 2 × 1 mm for Daph-
nia ,  8 × 2 mm for Artemia ,  9 × 1 mm for Chironomus 
and 8 × 3.5 mm for Lucilia .  Newts are natural pre-
dators of these four kinds of prey in their lake and 
consequently were already experienced in capturing 
them before the experiment (Denoël & Joly 2001). 
Gape size was measured for each individual at the 
start of the trial and after metamorphosis. It corres-
ponds to the maximal distance between the left and 
right sides of the mouth opening.
After completion of the 80 trials, paedomorphic 
newts were kept in the two maintenance aquaria, 
but without water to induce metamorphosis. The 
substratum of the aquaria consisted of wet gravel. 
All paedomorphs had metamorphosed after 40 d. 
One week after the last newt had metamorphosed, 
I repeated the trials with these metamorphic newts.
All newts were released in their native lake after 
completing the experiment.
Statistical Analysis
I used a General Linear Model (multi-way within-
subject manova) to test for an effect of morph, sex, 
prey and their interactions on the success rate of 
capture (i.e. the ratio between the number of cap-
ture attempts and that of ingested prey), the number 
of capture attempts and the number of ingested prey. 
Because I induced metamorphosis of paedomorphs 
and because the four kinds of prey were given to the 
same 20 individuals, the data were not independent. 
I thus took into account two levels of repeated mea-
surements in the model (within-morph for the four 
kinds of prey and between morphs for the observa-
tions before and after metamorphosis). I used squa-
reroot (+0.5) transformation of the count data to 
meet the assumption of anova (Sokal & Rohlf 1995). 
Because some cells are missing for the capture rates 
(individuals that did not try to catch prey), pre-
sented degrees of freedom are lower than those for a 
full table. Planned paire-wise comparisons between 
morphs for each kind of prey were computed with a 
protected LSD-test (Day & Quinn 1989). The com-
parisons are planned because of f ield observations 
suggesting differences between morphs (Denoël & 
Joly 2001). All tests were made with Statistica and 
used α = 0.05 (Statsoft-France 2000).
Results
Morph and prey have a significant effect on the 
three analysed variables: success rate of capture, 
number of capture attempts and number of ingested 
prey (manova: Wilk's λ  = 0.023, F3,8 = 112.737, p 
< 0.001 and λ  = 0.001, F9,2 = 179.952, p  < 0.01 res-
pectively), but sex has not (λ  = 0.798, F3,8 = 0.676, 
p= 0.59). Interactions between morph and prey are 
significant (λ = 0.007, F9,2 = 31.359, p  < 0.05), but 
the three others interactions are not (morph × sex: 
λ  = 0.825, F3,8 = 0.567, p  = 0.65; prey × sex: λ  = 
0.080, F9,2 = 2.526, p  = 0.312; morph × prey × sex: λ 
= 0.094, F9,2 = 2.137, p  = 0.36).
Morph, prey and the interaction between these 
two variables have a significant effect on the success 
rate of prey capture (anova, p  < 0.001, Table 1). Pae-
domorphs and metamorphs significantly differed in 
the success rate of prey capture for the four kinds 
of prey (anova: protected LSD test): Daphnia  (p  < 
0.001; Fig. 1), Artemia  (p  < 0.001; Fig. 1), Chiro-
nomus  larvae (p  < 0.001; Fig. 1), and adult Diptera 
(p  < 0.01; Fig. 1). The success of paedomorphs was 
higher for all prey except adult f lies.
All four prey types were preyed by the different 
categories of newts: paedomorphic and metamor-
phic, males and females. All individuals exhibited 
catching behaviour on Daphnia ,  Chironomus  larvae 
and Artemia .  Only 12 paedomorphs of 20 and 18 
metamorphs of 20 foraged on adult Diptera. The 
three former prey types were caught on the bottom 
of the aquarium (by suction), while the f lies were 
snapped at the water surface. The newts that did 
not forage remained on the f loor of the aquarium. 
Morph (anova, p  < 0.05, Table 1), prey (p  < 0.001) 
and the interaction between these two variables 
(p< 0.01) have a significant effect on the number of 
capture attempts. Metamorphs tried to catch more 
Artemia  than paedomorphs during the 20-min trials 
(mean ± SE = 37.3 ± 3.3 and 19.2 ± 2.4, respectively ; 
anova: LSD test, p  < 0.001), but no significant dif-
ference was observed between morphs for the three 
other kinds of prey (Daphnia ,  Artemia  larvae and 
adult Diptera).
Morph (anova, p  < 0.01, Table 1), prey (p  < 0.001) 
and the interaction between these two variables (p< 
0.001) have a significant effect on the number of 
ingested prey. The two morphs differed significant-
ly in this respect for the four types of prey (anova: 
protected LSD test). During the 20-min trials, 
scores were higher in paedomorphs than in meta-
morphs for the ingestion of Daphnia  (mean ± SE = 
23.5 ± 2.3 and 9.0 ± 1.3, respectively ; anova: pro-
tected LSD test, p  < 0.001) and Chironomus  larvae 
(mean ± SE = 36.5 ± 2.2 and 27.4 ± 1.9, respectively ; 
anova: protected LSD test, p  < 0.001), but lower for 
Artemia  (mean ± SE = 10.3 ± 1.4 and 13.0 ± 1.0, res-
pectively ; anova: protected LSD test, p  < 0.05) and 
adult Diptera (mean ± SE = 0.2 ± 0.1 and 1.3 ± 0.2, 
respectively ; anova: protected LSD test, p  < 0.001).
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Figure 1: Feeding performances (rate of successful captures) of newts in 20-min trials. P, paedomorphs 
(shaded boxes); M, metamorphs (white boxes). Dots, mean; boxes, SE; whiskers, SD. Th e statistical compa-

















Figure 2: Gape size of newts before and aft er metamorphosis. 
P, paedomorphs (shaded boxes); M, metamorphs (white boxes). 
Dots, mean; boxes, SE; whiskers, SD. Th e statistical comparison 
was performed by anova with repeated measurement procedure 
in the General Linear Model. n = 20 in each group
There was a significant effect of morph on the 
width of the mouth opening (anova, F1,18 = 155.769, 
p  < 0.001), but sex and the interaction between 
morph and sex were not significant (anova, sex: 
F1,18 = 3.212, p  = 0.08; interaction: F1,18 = 0.077, p  = 
0.79). Metamorphosis resulted in a widening of the 
mouth opening: from a mean of 5.5 mm (SE = 0.2 
mm) in paedomorphs to 7.8 ± 0.2 mm in metamor-
phs (Fig. 2). This increase in gape size resulted from 
the regression of the labial folds at the edges of the 
mouth opening.
Discussion
This study demonstrates that trophic performances 
differ between heterochronic morphs in Alpine 
newts and are directly related to the pattern, which 
was observed in the field in another study (Denoël & 
Joly 2001). The success rate of Alpine newts preying 
on aquatic organisms is higher in paedomorphs than 
in recent metamorphs. A previous study showed that 
the alternative morphs of another heterochronic 
species (Ambystoma tigrinum) also differed in fee-
ding efficiency, but with only one morph (the pae-
domorph) at the advantage (Whiteman et al.  1996). 
In contrast, in this study, the success rate for fee-
ding on terrestrial invertebrates caught at the water 
surface (adult f lies here) was higher in metamorphs.
Differences in capture efficiencies are directly 
related to the trophic system of the newts. The best 
performance of metamorphs feeding on large prey, 
such as Diptera, can be related to their larger mouth 
opening. At metamorphosis, labial folds regress and 
allow the newts to ingest large prey items. Paedo-
morphs are thus constrained to catch small prey. 
However, the hydrodynamics of paedomorph pre-
dation relies on unidirectional water f low: water is 
drawn into the mouth by suction and then expelled 
backwards through the gill  slits.  Experimental obs-
truction of gill  slits has shown that this unidirectio-
nal system results in higher prey capture efficiency 
(Lauder & Reilly 1988). Moreover, the decrease of 
the muscle mass of the trophic apparatus at me-
tamorphosis lowers the performance of capture 
(Lauder & Reilly 1990). The larval trophic system is 
thus more efficient for the capture of aquatic prey 
than the metamorphosed one (Reilly & Lauder 1988; 
Whiteman et al.  1996).
Another difference between paedomorphs and 
metamorphs lies in the presence of gill  rakers in 
paedomorphs. These structures could facilitate prey 
capture in two different ways. First they could fa-
vour the retention of small prey, such as water f leas 
(Lauder & Reilly 1994). It was shown in polymor-
phic species of f ish, that pelagic morphs have lon-
ger gill  rakers than benthic morphs, which increase 
their prey capture success when feeding on plank-
ton organisms (Amundsen 1988; Malmquist 1992). 
In addition to the retention of prey, gill  rakers im-
prove the suction mechanism as they prevent the 
entrance of water through the gill  slits (Lauder & 
Reilly 1994).
Although less efficient than paedomorphs in the 
capture of crustaceans, metamorphs show a similar 
interest for water f leas as do paedomorphs and an 
even higher interest for fairy shrimps. Overall,  in 
the laboratory experiment, paedomorphs ingested 
a larger number of Daphnia  and chironomid larvae 
than metamorphs, but a lower number of Artemia 
and adult Diptera. The interest for large prey items 
probably relies on the large biomass of these orga-
nisms comparing with the very small one of daph-
nids. However, in natural lakes, small prey orga-
nisms are usually the most abundant. The presence 
of voluminous terrestrial invertebrates, which fall 
at water surface, constitutes an important nutritio-
nal input in mountain lakes. Metamorphic newts are 
well known for foraging on these prey items (Cha-
cornac & Joly 1985; Joly & Giacoma 1992). Never-
theless, the presence of these exogenous inverte-
brates is limited in number and time (Denoël & Joly 
2001), making small prey the only available resource 
at some time of the year.
In the present experimental design, the order of 
prey items was not randomized. It is unlikely that 
prey capture efficiencies might have been signifi-
cantly affected. First, the experiment was based on 
adults, and thus on old individuals (at least 4–5 yr : 
Denoël & Joly 2000) that have already gained expe-
rience in natural conditions with the four kinds of 
prey of the experiment. Secondly, the low success 
in catching crustaceans and chironmodid larvae in 
metamorphs shows that individual experience did 
not increase success.
Resource polymorphisms are suspected to evolve 
in heterogeneous or unpredictable environments 
where each morph can specialize on specific re-
sources (Smith & Skulason 1996). Because the two 
morphs differed by their feeding performances with 
respect to different prey types, they are expected 
to segregate in their use of resources. Indeed, there 
was a substantial resource partitioning between the 
two morphs with paedomorphs mainly preying on 
plankton (six times more frequently than meta-
morphs) and metamorphs mainly preying on ter-
restrial prey, which had fallen on the water surface 
(two times more than paedomorphs) (Denoël & Joly 
2001). This study constitutes thus the first connec-
tion between trophic morphology (open and closed 
Table 1:  Analysis of variance for morph and prey eff ects on success rate of prey capture, number of capture attempts, and number of success-
ful captures per trial. Factors have been analysed with a repeated measurement procedure in the General Linear Model
Trait Source df F p
Success rate Morph 1,11 50.590 <0.001
Prey 3,33 271.301 <0.001
Morph × prey 3,33 32.099 <0.001
Capture attempts Morph 1,19 6.479 <0.05
Prey 3,57 49.080 <0.001
Morph × prey 3,57 5.739 <0.01
Successful captures Morph 1,19 15.100 <0.001
Prey 3,57 238.385 <0.001
Morph × prey 3,57 12.856 <0.001
gill slits), trophic performance (success of prey cap-
ture) and diet in natural populations of polymor-
phic species of newts and salamanders.
Densities of planktonic and terrestrial inverte-
brates are not homogeneous within aquatic habitats. 
In some microhabitats, such as the water surface, 
terrestrial invertebrates are particularly abundant 
while they are scarce in the deepest part of lakes and 
in the water column, where planktonic organisms 
predominate. Similarly, space partitioning between 
the two morphs was shown in La Cabane Lake, with 
metamorphs abundant at the water surface and along 
the shoreline, whereas paedomorphs were present in 
all microhabitats (Denoël & Joly 2001).
Both food and habitat partitioning suggest that 
feeding performance and optimality rules of deci-
sion may trigger these differences in diet choice 
between morphs. A detailed study of the energe-
tic balance of foraging on different prey types and 
of the constraints imposed by each micro-habitat 
would be needed to understand the role of feeding 
performance in the evolution of facultative paedo-
morphosis. The present study shows an advantage 
of the polyphenism: morphological specialization 
causes variation of foraging efficiency between 
morphs and consequently may allow differentiation 
of diets and of microhabitat use.
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